Objective: To identify the risk factors that influence outcome for patients who are diagnosed with septic shock in the emergency department at presentation or within 24 hours after admission to intensive care unit. Methods: A retrospective study of 57 adult patients with septic shock was conducted between March 1, 2006 and August 31, 2009. Results: The patients were 23 males and 34 females with a median age of 67 years (20 to 92 years). Thirty-three (58%) of 57 patients died in hospital and 24 (42%) survived. Multivariate analysis identified low blood pH (OR <0.001; 95% CI <0.001-0.53) and low bicarbonate level (OR 0.81; 95% CI 0.70-0.95) at emergency department or intensive care unit admission as useful predictors of 3-day in-hospital mortality. Low blood pH (OR <0.001; 95% CI <0.001-0.05), low bicarbonate level (OR 0.75; 95% CIs 0.61-0.91), long duration of symptoms (OR 1.49; 95% CI 1.04-2.13), high MEDS score (OR 1.56; 95% CIs 1.06-2.30), and high SOFA score (OR 1.57; 95% CI 1.12-2.20) were risk factors for 14-day in-hospital mortality. Renal failure (OR 7.58; 95% CI 1.28-44.77), lower pulmonary tract infection (OR 3.58; 95% CI 1.10-11.58), high MEDS score (OR 1.42; 95% CI 1.05-1.93) and high APACHE II score (OR 1.34; 95% CI 1.13-1.60) were risk factors for 28-day in-hospital mortality. Conclusions: Several factors signaling poor short-term outcome for this patient group are low blood pH, low serum bicarbonate level, longer duration of symptoms, lower respiratory tract infection and renal failure. MEDS and SOFA scores might be helpful in the ED to stratify patients with septic shock according to mortality risk. (Hong Kong j.
Introduction
Patients presenting with severe sepsis and septic shock require specialised intensive care and, ideally, this is initiated in emergency department (ED). The cornerstones of ED management of severe sepsis and septic shock include triage, timely diagnosis, early aggressive resuscitation and administration of appropriate antibiotics. [1] [2] [3] [4] [5] Failure of early recognition of the degree or severity of sepsis may lead to inappropriate patient disposition or treatment. Decisions made in ED regarding care and disposition can significantly affect outcome for patients with septic shock. Although there have been recent advances in diagnostic and therapeutic interventions for sepsis, mortality remains high, and patients who develop shock and/or organ dysfunction are at highest risk for death. In the literature, mortality rates for patients with septic shock range from 35% to 65%. 6, 7 The aim of this study was to identify risk factors that influenced outcome for patients with septic shock. We evaluated individuals with septic shock in the ED on presentation or within 24 h after admission to intensive care unit (ICU) of a university hospital.
Materials and methods
The investigation was conducted in the ED and Anesthesiology and Reanimation Intensive Care Unit of Inonu University Hospital in Malatya, Turkey. The Institutional Review Board of Inonu University approved the study design.
Adult patients (18 years or older) who were diagnosed as septic shock in ED on presentation or within 24 hours 高 APACHE II 評分（OR 1.34 ， 95% 可信區間 1.13-1.60），都是 28 日內在醫院死亡的危險因素。 結論：有幾個因素顯示這組病人的短期預後不良 ，包括血液的pH值低，血清碳酸氫鹽水平低，症狀持 續時間較長，下呼吸道感染和腎功能衰竭。 MEDS 和 SOFA 評分，可能會有助對 ED 感染性休克患者根 據死亡風險進行分層。 Keywords: Emergency medical service, fatal outcome, mortality, risk factors; sepsis 關鍵詞：緊急醫療服務、致命的後果、死亡率、危險因素、敗血症 after admission to ICU, between March 1, 2006 and August 31, 2009 were retrospectively identified. All of these patients were directly transferred to ICU from ED. Those with burns, trauma, pancreatitis, and health careassociated infections were excluded, leaving a total of 57 patients in the study ( Figure 1 ). Acute pancreatitis is a situation that causes systemic inflammatory response syndrome with or without infection, therefore it was excluded from the study. Medical records were reviewed and data related to patient characteristics, presence and source of infection, culture results, and interventions in ED and ICU were collected and classified. Duration of ED stay, duration of ICU stay, time of initiation of antibiotics (hours), time of initiation of vasoactive drug infusion (hours), duration of symptoms (days), appropriateness of antibiotic therapy, and mortality rates were documented for each individual. Appropriateness of antibiotic therapy was determined according to results of culture and/or clinical outcome and change of drugs within 72 hours of ED admission. Underlying diseases were classified as rapidly fatal, ultimately fatal, non-fatal, or none (no disease), using the system of McCabe and Jackson. 8 Organ failure during ED or ICU admission was defined according to previous studies. 9, 10 Data regarding vital signs (temperature, blood pressure, heart rate, respiratory rate, and oxygen saturation), interventions performed, initiation of antibiotics and vasoactive drug infusion, and fluid resuscitation were recorded from physicians' and nurses' notes. Laboratory data for blood samples collected in ED were recorded from medical records. As serum lactate levels were not routinely assessed, anion gap was assessed as a reflection of this. , or 10% band cells. Sepsis was defined as SIRS with suspected in f ec t io n , b a s ed o n t h e t rea t i n g p h y s ic ia n 's documentation and/or diagnostic test results. Severe sepsis was defined as diagnosis of sepsis plus dysfunction of at least one organ, organ hypoperfusion abnormality, or sepsis-induced hypotension. Septic shock was defined as severe sepsis plus sepsis-induced hypotension that persisted despite adequate fluid administration. 10 Each patient's Mortality in Emergency Department Sepsis (MEDS) score was retrospectively calculated. 11 Two other measures, Acute Physiology and Chronic Health Evaluation (APACHE II) score and Sequential Organ Failure Assessment (SOFA), were calculated for each patient in the ICU. 12, 13 Patients were treated at the clinician's discretion according to a protocol for haemodynamic support and antibiotic therapy.
14 Each was transferred from the ED to first available ICU inpatient bed and was admitted for inpatient care as soon as possible. Blood (a minimum of two samples), urine, and other relevant culture specimens were ordered in the ED before antibiotics were administered. Antibiotics were initiated based on consultation with the attending infectious disease specialist. Antimicrobial therapy was deemed adequate if the in vitro sensitivities of the identified microorganisms matched the particular antibiotic ordered in ED. The changes in the antibiotic therapy were decided due to culture growth results and the status of the patients in the end of the 72th hour, defined by positive response in body temperature.
Specific interventions undertaken in ICU were recorded, namely, intubation, mechanical ventilation and tracheostomy; haemodiafiltration and dialysis; administration of adequate blood products; infusion of vasoactive drugs and administration of hydrocortisone therapy. Renal replacement therapy was defined as any form of haemodialysis or haemofiltration alone or in combination. Occurrence of cardiopulmonary arrest in the ED was also documented. All patients were followedup until hospital discharge or in-hospital death.
Statistical analysis
Findings were analysed with patients categorised in surviving and non-surviving groups. The software package SPSS for Windows version 15.0 (SPSS, Chicago, IL, USA) was used for statistical analysis. Descriptive statistics were reported, including mean, standard deviation, median, and interquartile range. Variables with continuous data were statistically compared using the unpaired t test or the Mann-Whitney U test, depending on whether the data were normally distributed. Variables with categorical data were statistically compared using chi-square or Fisher's exact tests. A p value of 0.05 was considered statistically significant. Multivariate logistic regression was used to assess the independent effect of septic shock on occurrence of death by the 3rd, 7th, 14th and 28th day of hospitalisation. Associations between risk factors and death were first tested in a series of univariate models. The independent variable with the most significant p value (at a threshold of p0.1) was chosen as the first variable to be added to the multivariate model. For subsequent iterations, all remaining variables were individually added to the model, and the variable with the most significant result was retained. Additional variables were added as long as the p value of the backward-stepwise test was less than 0.05. Variables that were not applied in this model were used in a forwardstepwise test. Estimated odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were reported. Table 1 listed the characteristics of 57 patients with septic shock, as well as other case details and results of univariate analysis. There was no septic shock patient who could not be admitted to ICU because of bed limitation. The patients were 23 males (40%) and 34 females (60%), and the interquartile range of age from 20 to 92 years (median, 67 years). Thirty-three (58%) of patients died in hospital. All deaths occurred during ICU hospitalisation; none of the patients died after discharge to the ward. There were no statistical differences between surviving and nonsurviving groups with respect to age, median duration of intubation, proportions of patients with different categories of underlying disease, median duration of ED stay, or median time of antibiotic initiation.
Results
The non-surviving group had significantly higher mean values for APACHE II score, MEDS score, and SOFA score than surviving group (p=0.0001, p=0.0001 and p=0.002 respectively). As well, there was a significantly lower proportion of males in survivor group (p=0.040), and the time to initiation of vasoactive drug treatment was significantly longer in this group (p=0.007). The surviving group had a shorter median duration of symptoms (p<0.001) and a longer median ICU stay (p=0.008) than non-surviving group. The non-surviving group had significantly higher proportions of patients with renal failure, pulmonary failure and two or more forms of organ failure (p=0.023, p=0.003, and p<0.001, respectively).
Nine (27%) of the non-survivors [according to culture growth in three (33%) and insufficient fever response in six (66%)] and six (25%) of the survivors [according to culture growth in two (33%) and insufficient fever response in four (66%)] had their antibiotic therapy changed during treatment for septic shock; however, this difference was not statistically significant. Table 3 showed the bacterial culture results for the survivors, non-survivors, and all patients together. Of 57 patients total, 20 (35%) had one or more positive cultures for blood, urinary, tracheal or skin/soft tissue samples, and the rates of overall culture positivity in surviving and non-surviving groups were not statistically different. There were also no statistical differences between the groups with respect to organism growth in blood, urinary, tracheal, or skin/soft tissue cultures.
The vital signs and laboratory findings for survivors, nonsurvivors, and all 57 patients are presented in Table 4 .
The mean blood pH and median bicarbonate levels in non-surviving group were significantly lower than those in surviving group (p=0.010 and p=0.025, respectively).
The mean blood urea nitrogen and serum creatinine level were significantly higher than those in surviving group (p=0.026 and p=0.012, respectively). The logistic regression results for the various mortality risk factors which were identified and their influences on death at 3, 7, 14, and 28 days of hospitalisation were summarised in Table 6 . Parameters like sex, respiratory failure, and time of vasoactive drug infusion initiation, duration of ICU stay, mechanical ventilation, cardiopulmonary resuscitation, urea and creatinine were statistically significant in univariate analysis but insignificant in multivariate analysis. Those were kept out at any step of multivariate model.
Discussion
Septic shock is an important cause of death in patients with sepsis. According to several studies, simple clinical interventions providing haemodynamic, respiratory and metabolic support are the most successful for preventing mortality in individuals' with septic shock. Such interventions include administering intravenous fluids, vasoactive agents, and appropriate broad-spectrum antibiotics, restoring tissue oxygen delivery, ventilating with strategies that protect lungs and removing the source of infection. [1] [2] [3] It is difficult to predict death in patients with septic shock. Consequently, several severity scoring systems have been developed for ICU and ED to gauge the severity of illness and predict death risk. These scores include APACHE II, SOFA, and MEDS.
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The MEDS score was specifically developed to predict 28-day mortality among ED patients with sepsis.
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Using the multivariate model, we found that a high MEDS score in a patient with septic shock was a useful predictor of in-hospital mortality for 7, 14, and 28 days' hospitalisation. This result suggested that there could be an association between MEDS score and short-term in-hospital mortality in this patient group.
The APACHE II system was designed to prognosticate mortality according to physiologic variables during the first 24 hour after ICU admission. 12 In contrast, SOFA score was developed to describe the severity of multiple organ dysfunction syndromes in individual patients by determining the severity of organ dysfunction in the first 24 hour after ICU admission. 13, 15 Research indicated that APACHE II score and SOFA score were both directly associated with the number of organs that fail and ICU mortality. 12, 15, 16 In line with previous studies, our univariate analyses revealed that higher SOFA and APACHE II scores were both associated with ICU mortality. Using multivariate analysis, we identified SOFA score to be a predictor of 14-day in-hospital mortality and APACHE II score to be predictor of 28-day inhospital mortality.
Although there are overlapping parameters in the SOFA, MEDS, and APACHE II scores, because of the aim of our study was to evaluate the overall power of these scores to predict mortality, we did not specifically discuss the significance of individual parameters. On the other hand almost all of the parameters were listed in Table 2 and Table 4 .
Shock is best defined as inadequate tissue perfusion that results in impaired oxygen delivery. Inadequate oxygen delivery to tissues frequently leads to metabolic acidosis, thus, this is a frequent finding in patients with septic shock. 17 Several studies have shown that evaluations of metabolic acidosis throughout the first days of an ICU stay of were correlated with clinical outcome in patients with septic shock. 18 In our study, multivariate model identified low blood pH and low serum bicarbonate during the ED admission as useful predictors of inhospital mortality at 3, 7, and 14 days.
Recent investigations have shown that initial serum lactate concentrations measured in ED or ICU, or changes in this parameter could be useful indicators of a hypoperfused patient's response to resuscitation and are suggestive of morbidity and mortality. [19] [20] [21] Although it has been proven that serum lactate levels can help guide the treatment of septic shock, lactate levels may not be routinely assessed depending on the centre. Instead, the conventional anion gap has been used as a proxy for lactate levels. Bakker et al reported that elevated anion gap was a good but not excellent indicator of elevated lactate levels in ED patients who were at risk for sepsis. 21 In our study, we detected no statistical difference between the median anion gap values for the surviving and non-surviving groups of patients with septic shock. All of our 57 patients were in septic shock and had relatively similar high anion gap values.
Organ system dysfunction is a common adverse sequel of septic shock and has been reported to be the most common cause of death in ICU. 10 Early intervention may be critical for preventing multiple organ dysfunctions in patients with septic shock. This is supported by a randomised trial of ED patients that evaluated early goaldirected therapy involving optimisation of haemodynamic variables for patients with this condition. 2 The results showed reduced organ dysfunction and mortality, and such findings suggest that early diagnosis and intervention may reduce mortality in cases of septic shock. Other authors have reported that organ failure could be related to poor prognosis in patients with septic shock, especially when the failure was renal, respiratory, cardiac, or involves more than one organ. 10, 15, 22, 23 In line with previous studies, our univariate analysis revealed that diagnosis of renal, respiratory, or multiple organ failure during ED admission was associated with ICU mortality. Moreover, we identified renal failure as a risk factor for 28-day inhospital mortality using multivariate analysis.
The lungs are frequently compromised by septic shock, even in individuals with no primary lung pathology. 24 Patients who develop acute lung injury as a complication of septic shock typically enter respiratory failure and need ventilator support, and this tends to occur early in the disease process. 22, 23 Most of our patients had lower respiratory tract infection and the cause of respiratory failure was related to either septic shock or the site of infection that led to sepsis. Furthermore, our multivariate analysis identified lower respiratory tract infection as a risk factor for 28-day in-hospital mortality. We found that lung dysfunction was frequent, occurred early, and tended to persist in our study patients. Forty-nine (86%) of our patients needed respiratory support during emergency admission or ICU stay.
In our septic shock cases, of the 57 patients total, 20 (35%) had organism growth on one or more cultures. Cultures can be important for identifying casual organism(s) and antimicrobial susceptibilities in patients with sepsis or septic shocks, and appropriate cultures should be run before antimicrobial therapy, is instituted as long as this does not significantly delay antibiotic administration. 1 In our study, Escherichia coli was the most frequently isolated organism from cultures done at time of presentation to ED. Positive blood cultures are accepted as evidence of bacteremia in patients with any type of infection but only 19% of our 57 patients had a positive blood culture on admission. 25 Two-thirds of patients with severe bacterial sepsis have negative blood cultures. [26] [27] [28] Degoricija et al found that negative blood culture was associated with significantly increased risk of death. 28 In contrast, Rangel-Frausto et al observed similar mortality rates in culture-negative and culture-positive groups. 29 Our results were in line with Rangel-Frausto and colleagues.
The aim of fluid resuscitation in the setting of septic shock is to restore intravascular volume status, haemodynamic stability and organ perfusion, and ideally this should be achieved before vasopressors and inotropes are used. 1, 2, 14 Administration of fluids could be the first-line treatment, but this measure by itself could often be insufficient to stabilise a patient with septic shock, and early use of vasopressors would be frequently required as an emergency measure to correct hypotension. 14 In our study, all 57 patients received fluids within the first hour of their emergency care, but most also required vasopressor therapy. In our univariate analysis, time to vasoactive drug infusion initiation was shorter among the non-survivors than the survivors. This suggests that need for vasopressor therapy early in emergency care may be linked with poor outcome.
Current international guidelines recommended that empirical antimicrobial therapy be initiated within first hour of presentation with septic shock. 1 Substantial delays in administration of effective antimicrobial therapy could associate with decreased survival to hospital discharge and higher mortality. 1, 3, 30 In our study, the median antibiotic initiation times in the non-surviving and surviving groups were four hours and three hours after ED admission, respectively. There was no statistical difference between these values. Recently, Garnacho-Montero et al found that the risk of in-hospital mortality for patients with sepsis who received inappropriate antimicrobial therapy within the first 24 hours after ICU admission was eight times greater than the mortality rate for patients who received appropriate antimicrobial therapy. 26 In our study, although 15 (26%) of the 57 patients were required a change of antibiotic treatment, there was no statistical difference between the surviving and non-surviving groups in this regard.
The mortality rate for our 57 patients with septic shock was 58%. One contributor to this high rate could be a delayed ED admission that commonly occurred in this patient group. Prolonged duration of symptoms was associated with worse outcome for these individuals and is a useful predictor of 14-day in-hospital mortality. This highlighted the importance of duration of symptoms. Development of cardiopulmonary arrest during emergency care should have contributed to a high mortality. Ten (18%) of our 57 patients required cardiopulmonary resuscitation in the ED and only one survived. Other possible contributing factor was the relatively high frequencies of single or multiple organ failure diagnosed at ED admission.
Conclusion
Since many patients with SIRS, mild or severe sepsis, and/ or septic shock patients present are first seen in ED, it is important that emergency physicians enable to accurately assess disease severity and mortality risk for such individuals at presentation. Our results point to several factors that may signal poor short-term outcome for patients who present to ED or ICU in septic shock: low blood pH, low serum bicarbonate level, longer duration of symptoms prior to hospital admission, lower respiratory tract infection, and renal failure during ED admission. These are potentially important risk factors for early mortality in patients with septic shock. Our findings also suggest that, although, the MEDS score is a strong predictor for mortality at 7, 14, and 28-day in-hospital mortality with septic shock; the APACHE II score is a stronger predictor for 28-day in-hospital mortality and SOFA score is a stronger predictor for 14-day in-hospital mortality in this patient group. We suggest that the patients with septic shock shall be followed up closely with blood pH, serum bicarbonate, blood urine nitrogen, and creatinine levels.
